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1   |   INTRODUCTION

Rothmund–Thomson syndrome (RTS) is a rare autosomal 
recessive disorder with early skin manifestations in life 
and a significant risk for developing life-threatening can-
cers, especially osteosarcoma, with the occurrence of one 
in a million cases. RTS diagnosis should be considered in 
all patients with osteosarcoma, especially if they showed 
concurrent skin changes. RTS is characterized by a clas-
sic rash in months 3–6, starting as an erythema on cheeks 
and face, which later spreads to extensor surfaces of ex-
tremities. This acute phase is followed by poikiloderma 
(reticulated hyper and hypopigmentation, telangiectasia, 
and areas of punctate atrophy) in the chronic phase. If 

the typical rash is absent, the presence of any two among 
several criteria, such as sparse hair, eyelashes and/or eye-
brows, small stature, gastrointestinal problems like vomit-
ing and diarrhea, dental abnormalities, nail abnormalities, 
bilateral juvenile cataracts, hyperkeratosis, skeletal abnor-
malities (including radial, ulnar and patellar defects, as 
well as osteopenia), and cancers (like osteosarcoma, basal 
cell carcinoma, and squamous cell carcinoma) are sugges-
tive of RTS. The diagnosis is confirmed when the typical 
rash is present and/or homozygous pathogenic variants 
are identified in ANAPC1, DNA2, CRIPT, or RECQL4.1–8 
There are two subtypes of RTS, RTS1, and RTS2, each 
with distinct clinical and genetic characteristics. RTS2 
is caused by homozygous or compound heterozygous 
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Key Clinical Message
This study presents a family with nine children, two of them diagnosed with RTS2 
using genetic testing. The other siblings show some of the RTS2 criteria and are 
suggestive of the syndrome. Such reports help physicians be more alert in dealing 
with cases of rare syndromes. Timely initiation of genetic counseling and testing 
once the first child was diagnosed with the syndrome could have prevented the 
birth of affected siblings by RTS2. Since RTS2 patients could have a severe clinical 
manifestation as osteosarcoma which probably leads to death at a young age, the 
importance of genetic testing is even more underlined.
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mutations in the RECQL4 gene and is associated with an 
elevated risk of developing cancer, particularly osteosar-
coma.2,9 RECQL4 is a member of the human RecQ heli-
cases and plays a crucial role in maintaining the genome's 
stability during DNA damage repair. The most prominent 
characteristics differentiating RTSI from RTSII are (I) the 
absence of osteosarcoma and (II) the development of bi-
lateral juvenile cataracts in all affected individuals.3 Some 
RTS1 cases are due to ANAPC1 mutation, accounting 
for 10% of RTS patients, while RECQL4 mutations con-
stitutes 60% of cases and there are also 30% of patients 
with unknown mutations. In addition to RTS, two other 
genetic disorders, RAPADILINO syndrome and Baller–
Gerold syndrome (BGS), are also caused by biallelic mu-
tations in the RECQL4 gene. While these syndromes, RTS, 
RAPADILINO, and BGS, share common symptoms like 
short stature and radial ray abnormalities, each syndrome 
also presents specific clinical features.10 For example, 
cataracts have only been observed in RTSI, craniosynos-
tosis is a characteristic sign of BGS, and patellar aplasia/
hypoplasia and dislocated joints have been observed in 
RAPADILINO. The clinical differences between these 
syndromes are depicted in Figure 1.

Apart from RECQL4, other members of DNA helicases, 
such as BLM and WRN, are linked to genetic syndromes. 
Mutations in the BLM gene lead to Bloom syndrome, 
while mutations in the WRN gene cause Werner syn-
drome. These syndromes share some similarities in their 
clinical manifestations with syndromes associated with 
RECQL4.11 The detailed differences between these syn-
dromes are summarized in Table 1. This study presents a 
case series of a family from Iraq comprising nine siblings, 
two being affected with RTS2 and others showing some of 
the signs of the syndrome.

2   |   METHOD

A family with nine children born from a consanguine-
ous marriage sought genetic counseling at the Alwarith 
Cancer Institute. Unfortunately, three children had 
passed away due to osteosarcoma, while the remaining 
children who survived were dealing with deafness, osteo-
sarcoma, and/or poikiloderma (Figure 2). The ages of the 
living children range from 3 to 13 years. To investigate the 
genetic cause, we performed WES on index case IV-5, who 
presented with osteosarcoma, short stature, poikiloderma, 
and sparse hair. Subsequently, we identified a suspected 
variant in the proband and confirmed the presence of this 
mutation in other family members by utilizing PCR and 
Sanger sequencing of the exon of interest. Their zygo-
sity and clinical manifestations are discussed in Table 2. 
Unfortunately, DNA samples were unavailable for cases 
IV-1, IV-2, and IV-7; however, it is assumed that they car-
ried this mutation since they also suffered from osteosar-
coma before passing.

3   |   RESULTS

3.1  |  RTS patients

The Iraqi family consists of nine siblings, with the most 
common phenotypes observed within this family being 
osteosarcoma, poikiloderma and/or deafness, and mute-
ness. The parents are healthy heterozygous carriers shar-
ing the same RecQL4 pathogenic variant as confirmed 
by the targeted Sanger sequencing. Four children of this 
family were diagnosed with osteosarcoma; unfortunately, 
three had passed away at ages 7, 6, and 16. The other child 
with osteosarcoma is currently 5 years old and showed, 
deafness and muteness, and poikiloderma. Among the 
three deceased siblings, two had osteosarcoma as the 
only abnormality associated with RTS. While the other 
also exhibited poikiloderma in the early years of life. Of 
the nine siblings, four were deaf–mute, two had partial 
hearing loss, and the remaining three had normal hear-
ing (Figure 2). Table 2 provides a summary of the clinical 
characteristics of all nine siblings.

3.2  |  RECQL4 gene mutations in 
RTS patients

The 5-year-old son of this family (IV-5) was recently di-
agnosed with osteosarcoma and presented with other 
symptoms associated with RTS, including poikilo-
derma, growth retardation, hearing loss, and sparse 
hair. The 5-year-old boy was selected for WES to 

F I G U R E  1   The detailed differences between RTS2, 
RAPADILINO and BGS syndromes.
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investigate potential disease-causing variants in this fam-
ily. Sequencing showed that the proband carried a ho-
mozygous variant in the RECQL4 gene. This variant is 
located in a region having sequence similarity to yeast 
Sld2 (the Sld2-like domain; residues 1–388), which plays a 
crucial role in DNA replication initiation and cell growth. 
Only the presence or absence of the suspected variant was 
tested in this family. Unfortunately, we could not obtain 
DNA samples from cases IV-1, IV-2, and IV-7, but we pre-
sume they carried this mutation since they both passed 
away due to osteosarcoma.

4   |   DISCUSSION

Mutation detection techniques are highly effective di-
agnostic tools for genetic disorders characterized by a 
broad range of phenotypic manifestations, such as syn-
dromes associated with RecQ helicase deficiency. Germ-
line mutations in three different human RecQ helicases, 
known as RECQL4, BLM, and WRN, have been associ-
ated with three distinct syndromes: RTSII, WRN, and 
BLM, respectively. These and other syndromes were dis-
cussed in the introduction (Table 1). Interestingly, these 

T A B L E  1   The detailed differences between RTS2, Bloom syndrome, and Werner syndrome.

Bloom's syndrome
Rothmund–Thomson 
syndrome type2 Werner syndrome

Age at 
presentation

At birth 3–6 months Puberty

Growth 
retardation

<3rd percentile <5th percentile (66%) Absence of growth spurt during 
adolescence

Hair Normal Early graying and hair loss Alopecia, premature hair graying

Skin Sun-sensitive telangiectatic 
erythema into a “butterfly 
distribution” on the face, Café au 
lait spots

Erythema begins on the face 
and then spreads to extremities, 
pigmentation, telangiectasia,
poikiloderma

Scleroderma pigmentation alterations, 
ulceration, trophic ulcerations of the legs

Teeth Missing lateral incisors Dental caries, Microdontia, 
conical teeth (40%)

Normal

Facial 
dysmorphism

Long and narrow face/prominent 
ears

+ Pinched facies

Bone 
abnormality

− Radial ray defects, hypoplasia of 
thumbs or patella, osteopenia

Osteoporosis, osteosclerosis, flat feet

Normal 
intelligence

Mild mental retardation in some 
patients

Mostly normal +

Cataract − − Bilateral cataracts

Gonads Infertility/subfertility Subfertility Subfertility

Diabetes 17% Not increased 71%

Cardiovascular − − Normal anatomy: premature 
atherosclerosis, myocardial infarction 
and stroke

Immune system Decreased immunity with 
increased susceptibility to 
infections (otitis)

Normal Normal

Cancer Adult epithelial tumors such as 
colon, breast, and lung cancer; 
leukemias
, lymphomas; sarcomas, Wilms' 
tumors

Osteosarcoma (32%), skin cancer 
(2%)

Soft tissue sarcomas, follicular thyroid 
carcinoma,
meningioma, acral lentiginous malignant 
melanoma, leukemias and
osteosarcoma

Most common 
cause of death

Cancer Cancer Cancer and premature cardiovascular 
disease

Responsible gene BLM RECQL4 WRN

Pathogenic 
variants

Biallelic Biallelic Biallelic
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three syndromes exhibit overlapping symptoms, such as 
genomic instability, increased susceptibility to cancer, 
and premature aging.11 RECQL4, like its counterparts in 
the RecQ family, harbors a conserved domain positioned 
within the protein's central region, spanning around 
330 amino acids. This domain, known as the helicase 
domain, encompasses the seven helicase motifs. Unlike 
other members of this superfamily, RECQL4 displays 
distinctive characteristics within its N- and C-terminal 
domains. The N-terminal part of RECQL4, which shares 
limited homology with yeast Sld2 (the Sld2-like domain; 
residues 1–388), containing two nuclear localization 
signals NTS1 and NTS2 (comprising amino acids 37–66 
and 363–492),12,13 a stretch of lysine residues is acety-
lated by p300,14 and a mitochondrial localization signal 
(aa 1–84).15 Deleting exons 5–8 in mice, encompass-
ing the N-terminus, resulted in embryonic lethality.16 
Conversely, deleting either a single exon 13 or exons 
9–13, corresponding to the entire helicase domain, al-
lowed the mice to survive.17,18 These mouse models pro-
vide insights into the rarity of N-terminus mutations of 
the RECQL4 gene within the human population because 

individuals with a defective N-terminus are unlikely to 
survive beyond the embryonic stage.

Until now, only a few cases of homozygous mutations 
in the N-terminus of RECQL4 have been reported. One of 
these studies explained an 11-month-old Pakistani baby 
boy with a homozygous frameshift mutation in exon 8 of 
RECQL4 (reference sequence NM_004260.3) (c.1453dup, 
p.Gln485 fs). He showed poikiloderma, sparse hair, gas-
trointestinal problems, and abnormalities in the nails, 
teeth, and eyes. Additionally, the child's height and weight 
measurements were below the 0.4th percentile.19 Another 
study had mentioned two Indian children, an 8-year-old 
male child with a frameshift (c.978_979delTCinsG) and 
a 4-month-old female child with a splice (c.1132–2A>G) 
mutation in the RECQL4 gene. The male child showed 
recurrent fractures, poikiloderma, and poor growth. The 
girl child had skeletal defects, poikiloderma, and failure 
to thrive.20

This study presents a homozygous insertion mutation 
(c.988dup) in exon 5 of RECQL4, which was reported 
pathogenic in Clinvar, leading to a truncated RECQ4 frag-
ment comprising approximately the first 330 amino acids. 

F I G U R E  2   Pedigree of the family.

T A B L E  2   Age, zygosity and the clinical manifestations of the proband's family.

Age Zygosity Osteosarcoma
Hearing 
loss

Short 
stature

Teeth and nail 
deformity Poikiloderma

Hair 
loss

IV-1 Death = 7 Not available + − − − − −

IV-2 Death = 6 Not available + − − − − −

IV-3 3.5 Not tested − + − − − −

IV-4 7.5 Homozygous − − + (118) + +

IV-5 5 Homozygous + + + (100) + + +

IV-6 8 Not tested - (weakness in distal 
aspect of leg)

− − − − +

IV-7 Death = 16 Not available + − − − + −

IV-8 13 Heterozygous − + − − + −

IV-9 12 Not tested − + − − − −
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Unlike the complete gene deletion observed in mice, 
the homozygous c.988dup mutation is compatible with 
human life but leads to osteosarcoma and death at a young 
age. intrafamilial variation was observed in this family, 
which can be due to genetic modifier loci not shared by 
siblings and/or by different epigenetic cues (Table 2). In 
this study, four of the nine siblings developed osteosar-
coma. It is important to note that although the remain-
ing five children who have not developed cancer are still 
young, a long-term follow-up is necessary to assess the 
cancer incidence within this family accurately. At the time 
of this study, some RTS patients with hearing loss had 
been reported.21,22 In this family resulting from a consan-
guineous marriage, it is noteworthy that four of the nine 
siblings experienced both deafness and muteness. What's 
even more fascinating is that among the four siblings who 
displayed deafness, one (IV-8) had only a single mutation 
in the RECQL4 gene (heterozygous mutation). This find-
ing enhances the possibility that since in WES we only 
find point mutations and small insertions/deletions, other 
genes rather than RECQL4 may play a role in the hearing 
loss presentation in this family.

RTS is an autosomal recessive disease for which there 
is no treatment, but severe sun protection, cancer surveil-
lance, cataract and orthopedic surgeries if needed, and 
dental treatments could improve the health status of these 
patients. These patients have normal intelligence and 
have a normal lifespan if they develop no cancer. Patients 
with osteosarcoma have a 5-year survival rate of 60%–70% 
(as in non-RTS patients).

In conclusion, this study presents a family with nine 
children, two of them diagnosed with RTS2 using ge-
netic testing. The other siblings show some of the RTS2 
criteria and are suggestive of the syndrome. Such reports 
help physicians be more alert in dealing with cases of rare 
syndromes. Timely initiation of genetic counseling and 
testing once the first child was diagnosed with the syn-
drome could have prevented the birth of affected siblings 
by RTS2. Since RTS2 patients could have a severe clinical 
manifestation as osteosarcoma which probably leads to 
death at a young age, the importance of genetic testing is 
even more underlined.
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